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The s e t  of programs desc r ibed  i n  t h i s  paper were o r i g i n a t e d  
p a r t l y  a s  a  r e s u l t  of f r u s t r a t i o n .  In  1 9 7 6 ,  t h e  w r i t e r  found 
t h a t  a l though acces s  t o  l a r g e  mathematical  programming systems 
(MPS) was p o s s i b l e  a t  IIASA, i t  was awkward, time-consuming and 
expensive .  Furthermore,  most of t he  l i n e a r  programming ( L P )  
models used a t  the  time were f o r  smal l  p i l o t  s t u d i e s  which d i d  
no t  r e q u i r e  the  power of t he  l a r g e  MPSs. 
Although a  PDP 11/45 was i n  c o n s t a n t  use in-house,  ope ra t i ng  
under the  e x c e l l e n t  U N I X  system (developed a t  Be l l  Telephone La- 
b o r a t o r i e s )  no L P  system was a v a i l a b l e .  In  summer 1 9 7 6  t he  wr i t -  
e r  was faced with t he  n e c e s s i t y  of ana lys ing  a  smal l  LP energy 
model which e x i s t e d  only i n  t h e  form of a deck of punched ca rds  
i n  bad cond i t i on .  To f a c i l i t a t e  t h e  a n a l y s i s ,  he wrote a  FORTRAN 
program t o  read t he  deck (which was i n  s tandard  MPS input  fo r -  
m a t ) ,  check f o r  obvious e r r o r s ,  and produce a  t a b u l z r  l i s t i n g  
( t a b l e a u )  of the  model. S a t i s f i e d  t h a t  t h e  mods1 was now i n  
q u i t e  good shape,  t h e  next  s t e p  was t o  s o l v e  some c a s e s .  I t  was 
qu i ck ly  r e a l i z e d  t h a t  the  model-analysis  program was, i n  e s sence ,  
a  CONVERT procedure  very  s i m i l a r  t o  those  i n  MPSs, and i t  was de- 
c ided t o  proceed with w r i t i n g  a  SETUP procedure  and t h e  simplex 
a lgor i thm.  Having designed and implemented many MPSS, i t  was 
o n l y  a  mat ter  of a  couple of  weeks work t o  g e t  an a c c e p t a b l e ,  
smal l  package of programs func t ion ing .  
Although l a r g e  MPSs a r e  now more convenien t ly  a c c e s s i b l e  and 
many L P  models a t  IIASA a r e  q u i t e  l a r g e ,  t h e  smal l  package on the  
PDP has  proven very u se fu l  and has been in  almost  c o n s t a n t  use.  
I t  has  been r e f ined  and enhanced i n t o  a  r e l i a b l e ,  r obus t  s e t  of 
programs repor ted  i n  t h i s  paper .  
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SUMMARY 
--- 
A package  of p rograms f o r  s o l v i n g  s m a l l  l i n e a r  programming 
( L P )  prob lems  on  a  PDP-11 computer i s  d e s c r i b e d .  Al though t h e  
p a p e r  c o n s t i t u t e s  a  u s e r s  manual ,  t h e  s t y l e  i s  c o n v e r s a t i o n a l .  
The pape r  is n o t  a  t u t o r i a l  on LP o r  on m a t h e m a t i c a l  programming 
s y s t e m s  (MPS) i n  g e n e r a l .  The r e a d e r  s h o u l d  be f a m i l i a r  w i t h  
s t a n d a r d  MPS i n p u t  f o r m a t s  ( o r i g i n a l l y  deve loped  f o r  IBM ' s  
MPS/360 and now a  - de  f a c t o  i n d u s t r y  s t a n d a r d )  , and have  had some 
e x p e r i e n c e  i n  s o l v i n g  LP p rob lems  on a  compu te r .  
The package  c o n s i s t s  o f  e i g h t  e x e c u t a b l e  programs,  
e q u i v a l e n t  t o  c o r r e s p o n d i n g  p r o c e d u r e s  i n  an MPS, and i n c l u d e s  
b o t h  t h e  p r i m a l  and d u a l  a l g o r i t h m s  and two p a r a m e t r i c  a l g o -  
r i t h m s .  The programs a r e  w r i t t e n  e n t i r e l y  i n  FORTRAN I V  ( t h e  PDP 
d i a l e c t )  and a r e  d e s i g n e d  f o r  a l l  i n - c o r e  o p e r a t i o n  d u r i n g  s o l u -  
t i o n  of  t h e  model c a s e .  The s i z e  o f  models  i s  a r b i t r a r i l y  l i m i t -  
ed  t o  100  rows and 250 columns t o  make t h i s  mode o f  o p e r a t i o n  
p o s s i b l e  on a  r e l a t i v e l y  s m a l l  computer .  
The e i g h t  p rograms a r e  q u i t e  s i m i l a r  t o  t h e  c o r r e s p o n d i n g  
p r o c e d u r e s  i n  l a r g e  MPSs, b o t h  i n  c o n s t r u c t i o n  and o p e r a t i o n ,  and 
g i v e  e s s e n t i a l l y  i d e n t i c a l  r e s u l t s .  Ou tpu t  f o r m a t s  a r e  a l s o  v e r y  
s i m i l a r  t o  t h o s e  o f  s t a n d a r d  MPSs. (Reade r s  u n f a m i l i a r  w i t h  t h e  
a l g o r i t h m s  a c t u a l l y  used i n  computer s y s t e m s  w i l l  f i n d  c o n s i d e r -  
a b l e  d i s c u s s i o n  i n  t h e  IIASA p u b l i c a t i o n  "Some A d d i t i o n a l  V i e w s  
o n  t h e  Simplex Method and t h e  Geometry o f  C o n s t r a i n t  S p a c e " ,  
RR-76-3, May 1976,  by t h e  same w r i t e r  .) 
I t  is p o s s i b l e  t o  modi fy  t h e  programs f o r  l a r g e r  mode l s  and 
t o  t r a n s f e r  them t o  o t h e r  compu te r s  b u t  c e r t a i n  i n t e r n a l  c h a n g e s  
w i l l  be r e q u i r e d .  Some o f  t h e s e  c o n s i d e r a t i o n s  a r e  d i s c u s s e d  i n  
t h e  f i n a l  s e c t i o n .  
T h i s  pape r  was produced  from compute r i zed  t e x t  f o r m a t t e d  by 
t h e  NROFF program under U N I X  on a  PDP 11/70 w i t h  D i a b l o  t e r m i n a l .  
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I n t e r n a t i o n a l  I n s t i t u t e  f o r  Applied Systems A n a l y s i s  
I l 4 T H O D U C T I O M  A N D  G E N E R A L  CHARACTERISTICS 
- 
L P S / 1 1  i s  a  l i n e a r  programrr~ing system a v a i l a b l e  on t h e  PDP 
11/70 under  tlie U K I X  o p e r a t i n g  system. I t  e x i s t s  a s  e i g h t  exe- 
c u t a b l e  programs which a r e  coordina ted  i n  t h e  same s e n s e  a s  pro- 
c e d u r e s  i n  mathemat ica l  programming sys tems (MPSs) such  MPSX, 
A P E X ,  SCSAME, e t c .  However, t h e r e  i s  nQ i n - c o r e  r e s i d e n c y  
between programs and no c o n t r o l  language  i n  an MPS s e n s e .  The 
f i r s t  i s  nandled by lrleans o f  s c r a t c h  f i l e s  and t h e  second by 
s t a n d a r d  U I J I X  command conven t ions  and some s p e c i a l i z e d  i n t e r a c -  
t i v e  r e s p o n s e s .  
LPS/11 i s  w r i t t e n  e n t i r e l y  i n  FORTRAN I V  and consequen t ly  i s  
l e s s  e f f i c i e n t  than  a  l a r g e  MPS. N e v e r t h e l e s s ,  i t s  e x e c u t i o n  
speed i s  a c c e p t a b l e  f o r  t h e  s i z e  problems f o r  which i t  i s  s u i t -  
a b l e .  The programs o p e r a t e  e n t i r e l y  i n - c o r e  and hence problem 
s i z e  rlas been arbitrarily l i m i t e d  t o  t h e  f o l l o w i n g :  
100 rows r~laximurn 
250 columns maximum 
Approximately 1200 nonzero e lements  o f  a l l  k i n d s  i n -  
c l u d i n g  a l l  c o e f f i c i e n t s ,  r i g h t - h a n d - s i d e  (RHS) 
e l e m e n t s ,  r ange  v a l u e s  and bound s p e c i f i c a t i o n s .  
Each bound s p e c i f i c a t i o n  c o u n t s  f o r  two v a l u e s ,  
r e g a r d l e s s  of  t y p e .  
Tne l a s t  l i m i t  depends on a v a i l a b l e  c o r e  and could  be e a s i l y  i n -  
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c r e a s e d  f o r  a  l a r g e r  machine.  The l i m i t  on number o f  rows and 
colurnns c o u l d  l i k e w i s e  be i n c r e a s e d  w i t h  a  minimum arnount o f  
change  i n  d e c l a r a t i o n  s t a t e m e n t s .  To rnake t h e  progranis co inp le te -  
l y  d e n e r a 1  w i t h  r e s p e c t  t o  s i z e ,  howeve r ,  would r e q u i r e  t h e  i n -  
s t a l l a t i o n  of  i n t e r o e d i a t e  1 / 0  which would be a  s i z e a b l e  under -  
t a k i n g .  
The e i g h t  e x e c u t a b l e  prograins a r e  f o r  t h e  f o l l o w i n g  f-unc- 
t i o n s :  
I n p u t  c o n v e r s i o n  ( L P I N P U T )  
Case s e t u p  (LPSETUP) 
Main s o l u t i o n  a l g o r i t h m ,  p r i m a l  and d u a l  ( L P s O L V E )  
P a r a t n e t r l c  o b j e c t i v e  f u n c t i o n  a l g o r i t h m  (PARAOBJ) 
P a r a m e t r i c  R H S  a l g o r i t h m  (PARAHHS) 
A u x i l i a r y  s o l u t i o n  p r o c e d u r e  (LPSOLi4) 
I n i t i a l  c r a s h  a l g o r i t h m  (LPCRASH) 
L P  v a r i a b l e  v a l u e s  t o  u n f o r m a t t e d  f i l e  ( L P X V A R S )  
The LPSOLN prograrn i s  o n l y  a  c o n v e n i e n c e  f o r  r e c r e a t i n g  t h e  s o l u -  
t i o n  o u t p u t  from a  p r e v i o u s l y  o b t a i n e d  b a s i s .  I t  may a l s o  be 
used t o  p r c d u c e  an i t e r s t i o r .  0 s o l u t i o n  ( a l l - l o g i c a l  o r  s t a r t i n g  
b a s i s )  which i s  sornetinies d e s i r e d .  
The sys t em u s e s  t h e  f o l l o w i n g  preempted f i l e  names which a r e  
e x p l a i n e d  where a p p r o p r i a t e  : 
L P T E M P ,  LPBASIS, LPOUT, LPVAH 
I f  i t  i s  d e s i r e d  t o  s a v e  one  o r  more o f  t h e s e ,  t h e y  c a n  b e  
renamed.  However, a l l  f i l e  names a r e  r e s t r i c t e d  t o  a  nlaximum 
l e n g t h  o f  7 c h a r a c t e r s .  LPBASIS c a n n o t  be  used under  a n o t h e r  
name e x c e p t  b y  LPSETUP ( s e e  b e l o w ) .  
The i n t e r n a l  s t r u c t u r e  o f  LPS/11 i s  v e r y  s i m i l a r  t o  t h e  
b a s i c  p r o c e d u r e s  and a l g o r i t h r ~ i s  o f  MPS/36U and t h e  SESAME s y s t e m ,  
a  l a r g e  i n t e r a c t i v e  IdPS deve loped  by t h e  a u t h o r .  However, no 
p a r t i a l  o r  r n u l t i p l e  p r i c i n g  i s  i n c l u d e d .  (Each  i t e r a t i o n  makes a  
f u l l  p a s s  o f  t h e  m a t r i x . )  The i n c l u s i o n  o f  s u c h  f e a t u r e s  would 
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have increased c o r e  r equ i rement s  bo th  due t o  a d d i t i o n a l  program 
l o g i c  and f o r  expanded v e c t o r  r e g i o n s .  
Tne L P  model i s  i n p u t  from a  f i l e  i n  MPS/360 CONVERT f o r m a t ,  
3f prepared  i n  any a p p r o p r i a t e  way. The f o l l o w i n g  e x c e p t i o n s  must 
be obse rved :  
1 .  The f i r s t  c a r d  may have e i t h e r  o f  two f o r m a t s :  e i t h e r  a  
s t a n d a r d  riAME ca rd  ( N A i 4 E  i n  columns 1-4 and t h e  name i n  
15-21) o r  tnerely t h e  name ( n o t  I M A M E 1 )  i n  columns 1-7. (The 
name i s  a  f i l e  name and hence l i m i t e d  t o  7  c h a r a c t e r s . )  
However, i n  e i t h e r  c a s e ,  columns 9-16 a r e  meaningful  and 
used a s  f o l l o w s :  
LIST O n l y  a  t a b u l a r  l i s t i n g  of  t h e  model i s  produced.  
NOLIST A model f i l e  i s  produced b u t  no t a b u l a r  l i s t i n g .  
( o t h e r )  u r ~ ~ o d e l  f i l e  and t a b u l a r  l i s t i n g  a r e  produced.  
For  most c a s e s ,  NOLIST should  be s p e c i f i e d .  
2 .  The D x  o p t i o n  f o r  rows i s  n o t  suppor ted  and may n o t  be 
used .  
3. M A H K E H  columns and SCALE v a l u e s  a r e  n o t  r ecogn ized  and 
[nay no t  be used.  
4 .  There i s  a  l i r n i t  o f  4 RHSs, 4 RANGES columns,  and 4 
BOUI\IL)S s e t s .  
The t a b u l a r  l i s t i n g  i s  a  t ab leau- fo rmat  l i s t i n g  of  t h e  model ,  un- 
t r a n s f o r r ~ ~ e d .  I t  i s  u s e f u l  f o r  s ~ l l a l l  models b u t ,  f o r  l a r g e r  o n e s ,  
---------- 
* The D A T A G E N  programs a r e  s p e c i f i c a l l y  des igned  f o r  
o ia t r ix  g e n e r a t i o n .  See IIASA Sof tware  S e r i e s  No. 4:  
T A B u E i d / i 4 A T G E i i .  ( D A T A G E N  i s  a  s i n g l e  s u b s t i t u t e  f o r  
botli  t h e s e  o r i g i n a l  programs. )  
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i t  p r o d u c e s  t o o  rauch p a p e r  o u t p u t .  
T h e  i n p u t  c o n v e r s i o n  p r o g r a ~ n  i s  i n v o k e d  ~ r i t h  t h e  f o l l o w i n g  
U l d  I X  comn~and :
LPINPUT 5 = s o u r c e  6 = + o u ~ p u t  
t l s o u r c e t l  i s  t h e  narne o f  t h e  i n p u t  f i l e  i n  MPS/360 
f o r m a t .  The  m o d e l  name i n  t h e  f i r s t  c a r d  
i t lust  -- be  d i f f e r e n t  f r o m  ~ s o u r c e v  and  f r o m  a n y  
o f  t h e  p r e e m p t e d  f i l e  n a m e s .  
" o u t p u t "  i s  a  p r i n t  f i l e  name s u c h  a s  OUTPUT o r  
a n y  u n i q u e  f i l e  narne. If IJOLIST i s  s p e c i -  
f i e d ,  t h i s  s p e c i f i c a t i o n  [nay b e  o r f l i t t e d  a n d  
t h e  s t a t i s t i c s  s u m n a r y  ( p l u s  a n y  e r r o r  rnes- 
s a g e s )  w i l l  a p p e a r  a t  t h e  c o n s o l e .  
LPINPUT r e a d s  t h e  MPS/360 i n p u t ,  p r o d u c e s  a  f u l l  t a b u l a r  l i s t i n g  
( 1 0  c o l u r n n s  p e r  s t r i p  of '  p a g e s )  o f  a l l  c o l u r n n s ,  RHSs a n d  RANGES 
v e c t o r s ,  and  BOUNDS i n  i n p u t  f o r m a t .  Row t y p e s  a r e  shown w i t h  
t h e  1 .  T h e  l i s t i n g  g o e s  t o  n o u t p u t l t .  ( A l l  t h i s  i s  o m i t t e d  i f  
NOLIST i s  s p e c i f i e d . )  A summary o f  s t a t i s t i c s  a p p e a r s  a t  t h e  
e n d ,  i n c l u d i n g  t h e  number  o f  e r r o r s  ( a l s o  commented  w h e r e  d e t e c t -  
e d )  and  t h e  number  o f  z e r o  e l e m e n t s  s p e c i f i e d .  Any s u c h  e l e m e n t s  
s h o u l d  b e  d e l e t e d  fro111 " s o u r c e "  f i l e  t o  s a v e  s p a c e  a n d  t ime i n  
s u b s e q u e n t  p r o g r a m s ,  and  LPINPUT r e r u n  w i t h  t h e  c o r r e c t e d  f i l e .  
S u c c e s s f u l  c o m p l e t i o n  o f  LPIldPUT i s  i n d i c a ~ e d  by 
STOP -- 30  
o n  the t e r m i n a l .  T h e  m o d e l  s t a t i s t i c s  a r e  a l w a y s  p r o d u c e d .  
C A S E  SETUP 
A r i ~ o d e l  f i l e  i s  n o t  u s a b l e  d i r e c t l y  by  t h e  a l g o r i t h m i c  p r o -  
grams a l t h o u g h  i t  i s  r e a d  by t h e m  f o r  i d e n t i f i c a t i o n  and  o u t p u t  
p u r p o s e s .  ( T h e  row and  co lumn  narnes e x i s t  ' o n l y  o n  t h e  m o d e l  
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f i l e . )  The prograin LPSETUP i s  i n v o k e d  t o  s e t  up a  model  f o r  
s o l u t i o n .  I t s  i n p u t  f i l e  i s  t h e  model  f i l e  and i t  p r o d u c e s  b o t h  
LPTEil? and LPBASIS u n l e s s  a  b a s i s  i s  s p e c i f i e d  i n  w h i c h  c a s e  i t  
r e a d s  an o l d  LPBASIS f i l e  ( w h i c h  tnay h a v e  been  r e n a m e d )  r a t h e r  
t h a n  p r o d u c i n g  o n e .  Only  o n e  LPTEMP c a n  e x i s t  a t  a  t i m e .  
LPSETUP i s  i n t e r a c t i v e .  I t  f i r s t  a s k s  f o r  your  tilode1 name. 
A n  incorrect nallle r e s u l t s  i n  a  " f a i l u r e  t o  open  f i l e "  e r r o r .  You 
i n u s t  t h e n  r e s t a r t .  
drien a  c o r r e c t  name i s  g i v e n ,  LPSETUP p r i n t s  t h e  s t a t i s t i c s  
p r o d u c e d  by LPILJPUT and a s k s  " o k ?  ( y / n ) " .  A l lyl l  r e s p o n s e  c o n t i n -  
u e s .  You a r e  t n e n  a s k e d  f o r  t h e  row number o f  t h e  f u n c t i o n a l  
( O D J  row)  w n i c h  i ~ l u s t  b e  t y p e d  i n  p o s i t i o n s  1-3.  The row names 
a r e  riot a v a i l a b l e  a t  t h i s  s t a g e  which  i s  why t h e  f u n c t i o n a l  mus t  
b e  s g e c i f l e d  by row number.  
LPSETUP c h e c k s  t h a t  t h e  row number e x i s t s .  I f  n o t ,  you a r e  
g i v e n  t h e  r r ~ e s s a g e  
wrong! t r y  a g a i n  
I t  l a t e r  c h e c k s  t h a t  t h e  row i s  t y p e  N ( f r e e )  a n d ,  i f  n o t ,  a b o r t s  
t h e  r u n  a f t e r  a  m e s s a g e .  
The n e x t  r e q u e s t  i s  f o r  a  s c a l e  v a l u e  f o r  t h e  f u n c t i o n a l .  
F o r  s t a n d a r d  m i n i m i z a t i o n ,  j u s t  r e t u r n  a  n u l l  l i n e .  To m a x i m i z e ,  
e n t e r  - 1 . 0  o r  soilie n e g a t i v e  v a l u e .  A m a g n i t u d e  o t h e r  t h a n  u n i t y  
h a s  tile sa l~le  e f f e c t  a s  t h e  s c a l e  f a c t o r  i n  m o s t  MPSs. (Less t h a n  
1 . 0  ~ e r m i n a t e s  s o o n e r ,  g r e a t e r  t h a n  1 . 0  d r i v e s  o p t i m i z a t i o n  
f u r  tkier . ) 
A l l  HHS naines ( u p  t o  4 )  a r e  t h e n  d i s p l a y e d  and you a r e  re- 
q u e s t e d  t o  s p e c i f y  o n e .  An i n c o r r e c t  name r e s u l t s  i n  t h e  same 
r e s p o n s e  a s  f o r  a  f u n c t i o n a l  row number o u t  o f  r a n g e .  
I f  t h e r e  a r e  RANGES o r  BOUNDS t h e  same p r o c e d u r e  i s  f o l l o w e d  
a s  f o r  hi lS  e x c e p t  t n a t  a  n u l l  o r  i n c o r r e c t  r e s p o n s e  i s  i n t e r p r e t -  
e d  t o  iaean t h a t  no HAIJCES o r  BOUNDS s e t  i s  d e s i r e d  f o r  t h i s  r u n .  
N e x t ,  you a r e  asKed wr~etkier  an o l d  b a s i s  i s  t o  b e  i n p u t .  
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T h i s  i s  an  LPBASIS f i l e  p r o d u c e d  by a  p r e v i o u s  r u n .  The  d imen-  
s l o n s  o f  t h e  m o d e l  m u s t  b e  t h e  s ame  o r  LPSETUP a b o r t s .  I f  no  
b a s i s  i s  t o  b e  l o a d e d ,  r e t u r n  a n u l l  l i n e .  LPSETUP t h e n  wri tes  
t h e  a l l - l o g i c a l  b a s i s  t o  f i l e  LPBASIS. 
You a r e  t h e n  a s k e d  t o  s p e c i f y  l o g - l i n e  f r e q u e n c y .  O n l y  
n u n ~ b e r s  1  t h r o u g h  25 a r e  a c c e p t e d .  A z e r o  o r  n u l l  r e s p o n s e  i s  
i ' n t e r p r e t e d  a s  1 ,  a  l a r g e  nutnPer a s  25 .  
I f  you t h i n k  t h e  d u a l  a l g o r i t h m  w i l l  b e  m o r e  e f f i c i e n t ,  
a n s w e r  'lyl1 t o  t h e  n e x t  r e q u e s t .  Any o t h e r  r e s p o n s e  c a u s e s  t h e  
p r i n ~ a l  a l g o r i t h t r ~  t o  b e  u s e d .  The  d u a l  a l g o r i t l ~ t n  i s  t e r m i n a t e d  
( o r  n o t  s t a r t e d )  i n  a n y  o f  t h e  f o l l o w i n g  c i r c u m s t a n c e s :  
( a )  No p r i t u a l  i n f e a s i b i l i t i e s  e x i s t  i n i t i a l l y .  
( b )  D u a l  i n f e a s i b i l i t i e s  e x i s t  i n i t i a l l y .  
( c )  D u a l  i n f e a s i b i l i t i e s  a r e  c r e a t e d  ( T h i s  c a n  o n l y  o c c u r  
d u e  t o  n u t n e r i c a l  t o l e r a t l c e  d i f f i c u l t i e s ,  w h i c h  s h o u l d  
b e  v e r y  r a r e . )  
( d )  A l l  p r i m a l  i n f e a s i b i l i t i e s  h a v e  b e e n  r e m o v e d .  
I n  c a s e  ( d ) ,  o n e  p r i m a l  p a s s  i s  made w h i c h  s h o u l d  i n d i c a t e  an  op-  
t i r ~ l a l .  s o l u t i o n .  I f  n o  p r i m a l l y  f e a s i b l e  s o l u t i o n  e x i s t s ,  t h e  
u s u a l  l'1.40 FEASIBLE SOLUTIONv1 t e r m i n a t i o n  o c c u r s .  
I f  n o  d u a l  i n f e a s i b i l i t i e s  e x i s t  i n i t i a l l y ,  i t  h a s  b e e n  
f o u n d  m o r e  e f f i c i e n t  i n  a l l  c a s e s  t r i e d  s o  f a r  t o  s p e c i f y  t h e  
d u a l  a l g o r i t h m .  S i n c e  a  f u l l  p r i c i n g  p a s s  i s  made e a c h  i t e r a t i o n  
a n y w a y ,  t h e  p r i r n a l  e f f i c i e n c i e s  o b t a i n e d  i n  l a r g e  MPSs a r e  n o t  
a c h i e v e d ;  t h e  d u a l  a l g o r i t h m  i s  t h e n  m o r e  e f f i c i e n t  i n  rnos t  
c a s e s .  
LPSETUP wri tes  a  f i l e  w i t h  t h e  name LPTEMP, o n l y  o n e  o f  
w h i c h  may e x i s t  a t  a  t ime.  T h i s  i s  m o r e  o r  l e s s  e q u i v a l e n t  t o  
t h e  s c r a t c h  MATRIX f i l e  i n  MPS/360 a n d  d e r i v a t i v e  s y s t e m s .  T h i s  
f i l e  i s  u s e d  by a l l  o t h e r  p r o g r a m s .  H o w e v e r ,  i f  e r r o r s  a r e  
d e t e c t e d  by LPSETUP, e i t h e r  t h i s  f a c t  i s  r e c o r d e d  i n  LPTEIqP s o  
t h a t  o t h e r  p r o g r a m s  r e f u s e  t o  e x e c u t e ,  o r  no LPTEMP i s  p r o d u c e d  
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a t  a l l .  
S u c c e s s f u l  completion o f  LPSETUP i s  i n d i c a t e d  by 
STOP --1 
a t  t n e  t e r m i n a l .  
i b i A I ? . J  SOLUTIOIJ A L G O R I T H M  
---
The Grograin LPSOLVE i s  t h e  rnain s o l u t i o n  a l g o r i t h m  ( p r i m a l  
and d u a l ) .  I t s  o n l y  i n p u t s  a r e  t h e  LPTEMP f i l e  and t h e  model  
f l l e  frorn wbilch LPTLMP was c r e a t e d  by LPSETUP. However ,  i t  t a k e s  
two argui r lents :  BASIS and TOLCIII( i n  t h a t  o r d e r .  ( T o  u s e  t h e  
s e c o n d  ~ i t h o u t  t i le  f i r s t ,  p u t  a  durn~ny word f o r  t h e  f i r s t . )  T h e i r  
u s e  i s  e x p l a i n e d  below.  k t  t e r m i n a t i o n ,  LPSOLVE p r o d u c e s  a  s o l u -  
t i o n  o u t p u t  and w r i t e s  o r  r e w r i t e s  t h e  f i n a l  b a s i s  t o  f i l e  
LPBASIS. A l l  p r i n t e d  o u t p u t  i s  w r i t t e n  t o  f i l e  LPOUT. 
The BASIS a r g u m e n t  c a u s e s  a  b a s i s  t o  b e  l o a d e d  f rom f i l e  
LPbASIS, i n i t i a l l y .  T h i s  i s  o f t e n  more c o n v e n i e n t  t h a n  d o i n g  i t  
i n  LPSETUP b u t  no r e n a m i n g  i s  p e r m i t t e d .  
The a l g o r i t r i i n  i s  t n e  r e v i s e d  s i m p l e x  method w i t h  p r o d u c t  
f'ort,i o f  i n v e r s e ,  b o t h  p r i r n a i  and d u a l  f o r m s .  The p r o g r a m  r e a d s  
t h e  l a t e s t  e x i s t i n g  LPTEMP and s t a r t s  t o  i t e r a t e .  I f  a  b a s i s  was 
s p e c i f i e d  t o  LPSETUP o r  by t h e  a r g u m e n t  BASIS, t h e  s u b r o u t i n e  
I N V E H ' T  1 s  e x e c u t e d  f i r s t .  T h i s  i s  a  t r i a n g u l a r i z a t i o n  scheme 
f o l l o w e d  by a  M a r k o w i t z - l i k e  s e l e c t i o n  scheme f o r  t h e  non- 
t r i a n g u l a r i z a b l e  c o l u m n s  ( t h e  "bump1' i n  H e l l e r m a n - R a r i c k  t e r m i -  
n o l o g y )  . 
The u s u a l  m e s s a g e s  and l o g l i n e s  a r e  p r o d u c e d .  A l l  i t e r a t i n g  
o u t l ~ d t  ( e x c e p t  a  few f a t a l  e r r o r  m e s s a g e s )  i s  w r i t t e n  b o t h  t o  t h e  
t e r l i i i n a l  and t o  L P O U T .  However,  f i n a l  o u t p u t  i s  w r i t t e n  o n l y  t o  
LPOUT. T h i s  f i l e  s n o u l d  be  p r i n t e d  w i t h  t h e  ASA f i l t e r  f o r  f u l l  
p a g e  c o n t r o l .  O u t p u t  f o r m a t  i s  s u f f i c i e n t l y  c l o s e  t o  MPS/360, e t  
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a l ,  t o  r e q u i r e  no e x p l a n a t i o n .  (The column of "row v a l u e s t 1  and 
t h e  c o l u ~ ~ l n  of " i n p u t  c o s t s "  a r e  o in i t t ed .  However, t h e  s t a t u s  o f  
a  row r e f e r s  t o  t h e  c o n s t r a i n t  r a t h e r  than  t h e  s l a c k  v a l u e .  T h u s  
a  row shown a t  upper l i m i t  ( U L )  means t h a t  t h e  row v a l u e  has  a t -  
t a i n e d  i t s  i i i g i ~ e s t  v a l u e ,  no t  t h e  s l a c k . )  Thet-e is  one major  de-  
v i a t i o n  from s t a n d a r d  p r a c t i c e ,  however. G E  rows a r e  conver t ed  
t o  LE rows i n t e r n a l l y  ( a s  i n  alnlost a l l  NPSs) but  t h e  i n v e r s e  
t r a n s f o r m a t i o n  i s  not  done a t  o u t p u t .  The lower and upper l imits  
and o t h e r  v a l u e s  a r e  shown c o r r e c t l y  f o r  LE fo rmat  b u t  t h e  u s e r  
may have t o  trlentally i n v e r t  t h e  s e n s e  o f  h i s  o r i g i n a l  G E  con- 
s t r a i n t s .  
k conlplete  prinial  and d u a l  check i s  rnade whenever a  p r ima l  
f e a s i b l e  s o l u t i o n  i s  o b t a i n e d  ( a f t e r  an i n f e a s i b l e  o n e ) ,  a f t e r  
e x e c u t i o n  of  I N V E H T ,  and a t  a l l  t e r m i n a t i o n s .  The t o l e r a n c e  f o r  
b o t h  p r ima l  and dua l  e r r o r s  i s  An e r r o r  l a r g e r  than  t h i s  
i n  magnitude c a u s e s  an e r r o r  message showing t h e  l a r g e s t  p r ima l  
and /o r  d u a l  e r r o r ,  t h e  c o n s t r a i n t  o r  v a r i a b l e  on which i t  oc- 
c u r r e d  (deno ted  by J-number d e f i n e d  be low) ,  and a  l o g l i n e  w i t h  an 
7 . r . .F.  .,m . p i  ~ ~ ~ e s s d b e .  l n u c n l  1 s  t h e n  odiied and t h e  check made 
a g a i n .  I f  e r r o r s  p e r s i s t ,  t h e  i t e r a t i v e  p rocedure  i s  t e r m i n a t e d  
and a f u l l  s o l u t i o n  o u t p u t  i s  produced.  However, an e r r o r  a f t e r  
an i n i t i a l  I i d V E K T  c a u s e s  an immediate s t o p  w i t h  
. SI 'OP -- 399 
d i s p l a y e d  a t  t h e  t e r ~ n i n a l .  
I f  i t  i s  n e c e s s a r y  t o  use  a  l a r g e r  t o l e r a n c e  t o  comple te  
s o l u t i o n  of  a  model h i c h  goes  th rough  i l l - c o n d i t i o n e d  b a s e s ,  t h e  
argument ' r 0 ~ C i l K  can be used.  T h i s  c a u s e s  a  prompt a t  t h e  t e rmi -  
n a l  a t  which tiille t h e  u s e r  t y p e s  an a p p r o p r i a t e  t o l e r a n c e  ( r e a l  
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The ~ ' u l l  s e t  o f  t o l e r a n c e s  used  a r e  a s  f o l l o w s :  
P r i t n a l  i n f e a s i b i l i t y  1 0 ' ~  
Dua l  i n f e a s i b i l i t y  1 0 ' ~  
S l n a l l e s t  p i v o t  ( e x c e p t  IIJVERT) 1  0'7 
T h r e s h h o l d  i ~ l a g n i t u d e  lo'15 
ilaxi~auol m a g n i t u d e  ( I 1 i n f i n i t y l 1 )  1  030 
Check e r r o r  t o l e r a n c e  1 o ' ~  
Ilone of t h e s e  e x c e p t  t h e  l a s t  i s  s e t t a b l e  by t h e  u s e r  a s  p r e s e n t -  
l y  irnplernented.  They a r e  d e f i n e d  i n  LPSETUP a n d ,  s i n c e  t h i s  p ro -  
gram i s  r e l a t i v e l y  s m a l l ,  a d d i t i o n a l  i n t e r a c t i v e  l o g i c  c o u l d  be 
added  t o  r~lake tile t o l e r a n c e s  s e t t a b l e .  I iowever ,  l o n g  e x p e r i e n c e  
h a s  shown t h a t  o n l y  t h e  c h e c k  t o l e r a n c e  s h o u l d  be c h a n g e d  by mos t  
u s e r s  s i n c e  t h e  e f f e c t s  o f  t h e  o t h e r  o n e s  a r e  i n t r i c a t e  and sub-  
t l e .  
I n  a d d i t i o n  t o  t n e  u s e s  o f  INVERT d e s c r i b e d  a b o v e ,  t h e  
s u b r o u t i n e  i s  c a l l e d  whenever  c o r e  a v a i l a b l e  f o r  t h e  e t a  f i l e  
( p r o d u c t  forrn o f  i n v e r s e )  f i l l s  up. T h i s  w i l l  be i n d i c a t e d  by a  
ln inus  s i g n  f o r  l e n g t h  o f  e t a  f i l e  i n  t h e  l o g l i n e  which  i s  a l w a y s  
o u t p u t  i n  t h i s  c a s e .  T h e r e  i s  no i n v e r t  f r e q u e n c y  a s  i n  mos t  
IvlPSs. ( I f  c o r e  f i l l s  up i n  IIJVERT i t s e l f ,  STOP -- 390 o c c u r s . )  
The normal  t e r m i n a t i o n s  p o s s i b l e  a r e :  
NO FEASIBLE SOLUTION. 
Ul4BOUI\IL>EL) SOLUTION. 
OPTIMAL SOLUTION .... 
INdICATED TERMINATION. 
The l a s t  i s  used when r e p e a t i n g  c h e c k  e r r o r s  o c c u r  a t  o n e  o f  t h e  
o t h e r  t e r m i n a t i o n s .  A l o g l i n e  and c a p t i o n  i s  o u t p u t  when t h e  
s o l u t i o n  g o e s  p r i m a l  f e a s i b l e  b u t  no s t o p  o c c u r s .  I f  t h i s  hap-  
p e n s  inore t h a n  o n c e ,  i t  i n d i c a t e s  t h a t  a  f e a s i b l e  s o l u t i o n  h a s  
g o n e  s l i g h t l y  i n f e a s i b l e  d u e  t o  r o u n d o f f  e r r o r .  T h i s  s l ~ o u l d  hap- 
pen o n l y  r a r e l y  and t h e  amount o f  i n f e a s i b i l i t y  s h o u l d  be i n s i g -  
n i f i c a n t .  P h a s e  s w i t c h i n g  i s  a u t o m a t i c ,  i n  e i t h e r  d i r e c t i o n .  
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O p e r a t i o n  of LPSOLVE i s  au tomat i c  e x c e p t  t h a t  every  50 
i t e r a t i o n s  t h e  message 
50 i ~ e r s .  c o n t i n u e ?  ( y / n )  
i s  d i s p l a y e d  fol lowed by a  pause f o r  t e r m i n a l  i n p u t .  A I ty f1  
r e s p o n s e  c o n t i n u e s ;  any o t h e r  c a u s e s  a  t e r m i n a t i o n  wi th  f u l l  
checking  and o u t p u t ,  i n c l u d i n g  a  v a l i d  LPBASIS f i l e .  
An e x p l a n a t o r y  header  i s  produced e v e r y  25 l o g l i n e s ,  approx- 
i m a t e l y  o f t e n  enough t h a t  i t  i s  u s u a l l y  on t h e  t e r m i n a l  scope .  
I t  i s  f a i r l y  s e l f - e x p l a n a t o r y  bu t  i s  d e t a i l e d  h e r e :  
I T E R  i t e r a t i o n  number. Always s t a r t s  from 0.  
JIiJ sequence  number o f  incoining v a r i a b l e ,  i . e .  t h e  
J-nulaber. L o g i c a l  v a r i a b l e s  a r e  nunbered 1 t o  m, 
s t r u c t u r a l  v a r i a b l e s  m + l  t o  rn+n .  
JOUT sequence  number o f  o u t g o i n g  v a r i a b l e .  I f  
JOUT=JIN, t h e  v a r i a b l e  changed bound. V a r i a b l e s  
coming i n  from o r  going  o u t  t o  upper l i m i t  a r e  i n -  
d i c a t e d  by an a d j o i n i n g  U .  
D J  p r i c i n g  d e r i v a t i v e  f o r  JIN ( r e f l e c t s  phase p r i c -  
ins fcr!!!)- 
VALUE s u m  of i n f e a s i b i l i t i e s  i n  phase 1 ,  v a l u e  o f  
f u n c t i o n a l  i n  phase 2. ( L a t t e r  r e f l e c t s  v a l u e  of  
SCALE. ) 
PINF number of p r i r i~a l  i n f e a s i b i l i t i e s .  
UINF nurnber o f  d u a l  i n f e a s i b i l i t i e s  ( r e f l e c t s  p h a s e ) .  
NETA number of  e t a  columns. 
L E T A  l e n g t h  o f  ( i n - c o r e )  e t a  f i l e .  
( A  few debugging s t o p s  have been l e f t  i n  t h e  r o u t i n e s  which 
can  o n l y  occur  i n  l l imposs ib le l l  s i t u a t i o n s .  I f  any o f  t h e s e  a c t u -  
a l l y  o c c u r ,  a s  much i n f o r m a t i o n  a s  p o s s i b l e  should  be forwarded 
t o  t h e  a u t h o r . )  
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LPSOLN 
T h i s  p r o g r a m  s i n l p l y  i n v e r t s  t h e  b a s i s  c u r r e n t l y  e x i s t i n g  o n  
LPUASlS a n 3  p r o d u c e s  a  s o l u t i o n  o u t p u t .  If n o  b a s i s  w a s  l o a d e d  
i n  LPSETUP o r  p r o d u c e d  a f t e r w a r d ,  t h e  o u t p u t  r e f l e c t s  t h e  a l l -  
l o g i c a l  b a s i s  ( I t i t e r a t i o n  0 "  s o l u t i o n ) .  
PAHAMETHIC OBJECTIVE ALGORITHM (PAHAOBJ e r o g r a m )  
- -- 
I n  o r d e r  t o  u s e  t h i s  a l g o r i t h m ,  t h e  m o d e l  m u s t  c o n t a i n  a t  
l e a s t  two t y p e  14 ( f r e e )  rows. O n e  ( s a y  O B J )  i s  u s e d  a s  t h e  o b -  
j e c t i v e  f u n c t i o n  a n d  a n  o p ~ i m a l  s o l u t i o n  i s  o b t a i n e d  w i t h  LPSOLVE 
i n  t h e  n o r ~ r ~ a l  way.  LPSOLVE [ n u s t  h a v e  w r i t t e n  a n  o p t i m a l  b a s i s  t o  
f i l e  LPBASIS b e f o r e  PAHAOBJ c a n  b e  u s e d .  
A n o t h e r  t y p e  14 r o w  ( s a y  COBJ) i s  t h e n  u s e d  a s  a  c h a n g e  r o w  
t o  OBJ. T h e  f u n c t i o n a l  is  p r o g r e s s i v e l y  m o d i f i e d  t o  
OBJ + 0  COBJ, 0 - > 0  
f o r  i n c r e a s i n g  v a l u e s  o f  0 ,  s t a r t i n g  f r o m  0 = 0 . 0 .  B o t h  a  l i m i t  
v a l u e  f o r  (d and a n  i n c r e m e n t a l  v a l u e  m u s t  b e  s p e c i f i e d .  If t h e  
i n c r e ~ ~ l e n t a l  v a l u e  is  z e r o  o r  g r e a t e r  t h a n  t h e  maximum v a l u e ,  i t  
h a s  n o  e f f e c t .  O t h e r w i s e ,  a  s o l u t i o n  o u t p u t  i s  p r o d u c e d  when t h e  
i n c r e , n e n t a l  v a l u e  i s  a t t a i n a b l e  ( s i n c e  t h e  l a s t  t i m e ) .  
T h e  s p e c i f i c a t i o n  o f  t h e  c h a n g e  r o w  a n d  t h e  0 - v a l u e s  i s  d o n e  
i n t e r a c t i v e l y  when PARAOBJ s t a r t s  t o  e x e c u t e .  I t  f i r s t  d i s p l a y s  
t h e  n l e s s a g e  
n o .  o f  d e l t a  o b j  r o w  
a n d  G a u s e s  f o r  t h e  u s e r  t o  t y p e  i n  a n  i n t e g e r ,  j u s t  a s  f o r  t h e  
o ~ j  row i n  LPSETUP. If t h i s  r o w  n u m b e r  d o e s  n o t  e x i s t  o r  i s  t h e  
s a i n e  a s  t h e  o b j  row, a n  a p p r o p r i a t e  m e s s a g e  i s  d i s p l a y e d  f o l l o w e d  
bh' 
STOP -- j 9 9  
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The same o c c u r s  i f  the  row s p e c i f i e d  i s  n o t  t y p e  N .  I n  any o f  
t h e s e  c a s e s ,  PARAOBJ m u s t  be r e s t a r t e d .  
PAHAOBJ t h e n  r e a d s  t h e  f i l e  LPBASIS and i f  t h e  b a s i s  read  i s  
f o r  a  [riodel of d i f f e r e n t  d imens ions ,  a  rnessage i s  d i s p l a y e d  f o l -  
lowed by t h e  same s t o p  a s  above. No o t h e r  check ing  f o r  a  proper  
b a s i s  i s  p o s s i b l e  a t  t h i s  p o i n t  b u t  an i n c o r r e c t  b a s i s  w i l l  ( w i t h  
a111lost p r o b a b i l i t y  of  1 . 0 )  cause  t e r m i n a t i o n  when t h e  s o l u t i o n  i s  
fourid not  t o  be o p t i m a l .  
I f  d l 1  a p p e a r s  O K ,  t h e  f o l l o w i n g  message i s  d i s p l a y e d  
t y p e  i n i t i a l  and f i n a l  p a r a  v a l u e s  ( r e a l ,  2  l i n e s )  
Unless  PAHAOBJ i t s e l f  i s  being r e s t a r t e d  ( s e e  be low) ,  t h e  f i r s t  
v a l u e  i s  0.0 fo l lowed  by a  c a r r i a g e  r e t u r n  (end of l i n e )  and t h e  
second t h e  upper l i m i t  which 0 i s  t o  a t t a i n ,  o f t e n  1 .0 .  Next the  
rnessage 
type  d e l t a  v a l u e  f o r  s o l n s  
i s  d i s p l a y e d  t o  prompt t h e  u s e r  t o  t y p e  i n  t h e  inc rement .  Thus, 
f o r  example, r e spond ing  w i t h  
0 . 0  
1.0 
.25 
t o  t h e  p r e v i o u s  two d i s p l a y s  means t o  d r i v e  0 t o  1.0 and produce 
a  s o l u t i o n  a t  .25, .50 ,  . 75 ,  and 1 .0 .  I f  i t  i s  n o t  p o s s i b l e  t o  
d r i v e  0 t o  t h e  l i m i t  s p e c i f i e d ,  a  s o l u t i o n  i s  produced a t  t h e  
l a r g e s t  p o s s i b l e  va lue  preceded by a  l o g l i n e  wi th  t h e  c a p t i o n  
PAHAMETER AT ABS. MAX 
C o n v e r s e l y ,  i f  t h e  s p e c i f i e d  limit has  n o t  y e t  been reached bu t  
i t  1 s  d i s c o v e r e d  t h a t  no maxin~uin e x i s t s ,  t h e  a l g o r i t h m  w i l l  t e r -  
mina te  with t h e  c a p t i o n  
P A H A M E T E H  U N B O U N D E D  
b u t  t h e  s p e c i f i e d  l i m i t  w i l l  oe honored.  1 1 1  o t h e r  c a s e s ,  one o f  
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t h e  c a p t i o n s  
1I.ICHEMEIdT ON PAHAMETER 
o r  
PAHAMETEH AT LIMIT 
w i l l  b e  u s e d .  
A f u l l  c h e c k  i s  p e r f o r m e d  b e f o r e  e a c h  o u t p u t .  If c h e c k  er-  
r o r s  o c c u r ,  t i l e  c a p t i o n  
( IidDICATED OUTPUT) 
i s  u s e d  f o l l o w e d  by e x e c u t i o n  o f  INVERT. If  e r r o r s  p e r s i s t ,  a n  
a p p r o p r i a t e  m e s s a g e  i s  d i s p l a y e d ,  a  f u l l  o u t p u t  i s  p r o d u c e d  and  
t h e  p r o c e d u r e  t e r m i n a t e s .  The u s e  o f  I N V E R T ,  h a n d l i n g  o f  e r r o r s ,  
l o d l i n e s  and i n t e r r u p t i o n  ( a t  50 i t e r a t i o n s )  a r e  e x a c t 1 . y  t h e  same  
a s  i n  LPSOLVE e x c e p t  t h a t  t h e  DJ v a l u e  on l o g l i n e s  i s  r e p l a c e d  by 
t h e  v a l u e  o f  O ,  d e n o t e d  by PARAMETER. 
PAHAMETRIC HHS ALGORITHi4 (PAHARHS p r o g r a m )  
- 
I n  o r d e r  t o  u s e  t h i s  a l g o r i t h m ,  t h e  m o d e l  m u s t  i n c l u d e  a t  
l e a s t  two HHSs. One ( s a y  BHHS) i s  u s e d  a s  t h e  b a s e  RHS and  an 
o p t i m a l  s o l u t i o n  i s  o b t a i n e d  w i t h  LPSOLVE i n  t h e  n o r m a l  way. 
LPSOLVE ( f lus t  h a v e  w r i t t e n  an o p t i m a l  b a s i s  t o  f i l e  LPBASIS b e f o r e  
PAHAHHS c a n  b e  u s e d .  
A n o t h e r  HtiS ( s a y  CRHS) i s  t h e n  u s e d  a s  a  c h a n g e  c o l u m n  t o  
BHHS. Tne HHS i s  p r o g r e s s i v e l y  m o d i f i e d  t o  
BHMS + Q C H t I S ,  8 - > 0 
f o r  ~ n c r e a s i n g  v a l u e s  o f  8,  s t a r t i n g  f r o m  8 = 0 . 0 .  B o t h  a  l i m i t  
v a l u e  f o r  8 and an  i n c r e m e n t a l  v a l u e  mus t  b e  s p e c i f i e d .  The  
u s a g e ,  f o r i ~ ~ a t s  and a c t i o n  o f  PAHARHS a r e  o t h e r w i s e  e x a c t l y  l i k e  
t h o s e  f o r  PA8AOBJ e x c e p t  t h a t  t h e  c h a n g e  RHS i s  s p e c i f i e d  by name 
a n d  [nus t  b e  d i f f e r e n t  frorn t h e  b a s e  RHS. 
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MULTIPLE -- RUNS OF PAHAOBJ A N D  PAHAHkiS 
--- 
E i t h e r  o f  t h e  p a r a m e t r i c  a l g o r i t h m s  c a n  b e  r e s t a r t e d  from 
t n e  v a l u e  o f  the p a r a m e t e r  p r e v i o u s l y  a t t a i n e d .  It i s  o n l y  
n e c e s s a r y  t o  t y p e  i n  t h e  o l d  t e r m i n a l  v a l u e  a s  t h e  new i n i t i a l  
v a l u e  and a  h i g h e r  v a l u e  f o r  t h e  new t e r m i n a l  v a l u e  ( a s s u m i n g  i t  
was n o t  a t  an a b s o l u t e  maximum b e f o r e ) .  The LPBASIS f i l e  p r o -  
d u c e d  by t h e  p r i o r  r u n  rnust s t i l l  be a v a i l a b l e .  
On t h e  o t h e r  h a n d ,  PAHAOBJ and PAHAHHS c a n n o t  b e  r u n  end t o  
e n d .  LPSOLVE d o e s  n o t  r e c o g n i z e  0 o r  8, PARAOBJ d o e s  n o t  r e c o g -  
n i z e  8 ,  and PAHAHHS d o e s  n o t  r e c o g n i z e  0.  However,  t h e  f o l l o w i n g  
s e q u e n c e  i s  p o s s i b l e .  L e t  t h e r e  b e  t h r e e  HHSs, s a y  RkIS1, CRHS, 
HHS2 s u c h  t h a t  HHSl + CHHS = RHS2. S e t  up f o r  RHSl and o b t a i n  an 
o p t i r n a l  s o l u t i o n  w i t h  LPSOLVE. Then run  PARAHHS f o r  CRHS and t h e  
l i m i t  o f  c3 s p e c i f i e d  a s  1  . O .  Now s e t  up a g a i n  f o r  RHS2. ( T h e  
b a s i s  frorn PAHARHS hilust b e  s p e c i f i e d . )  Now PARAOBJ c a n  b e  r u n  
s t a r t i n g  from t h e  o p t i r n a l  HHSZ ( w i t h ,  o f  c o u r s e ,  some c h a n g e  row 
t o  ttle o b j e c t i v e ) .  V a r i o u s  c o r ~ ~ b i n a t i o n s  o f  t h i s  t e c h n i q u e  c a n  
o b v i o u s l y  b e  f o r m u l a t e d .  
N o t e  t h a t  i f  t h e  PAHARHS b a s i s  i s  n o t  s p e c i f i e d  ( a s  
LPBASIS), LPSETUP w i l l  write t h e  a l l - l o g i c a l  b a s i s  t o  f i l e  
LPBASIS, d e s t r o y i n g  t h e  b a s i s  p r e v i o u s l y  o b t a i n e d .  I f  b a s e s  a r e  
t o  b e  used a t  a  l a t e r  t i r n e ,  t h e  LPBASIS f i l e  s h o u l d  b e  renamed 
and t h e n  s p e c i f i e d  t o  LPSETUP by t h e  new name a t  t h e  a p p r o p r i a t e  
t i a l e .  Note  t h a t  e v e r y  t e r m i n a t i o n  o f  e v e r y  a l g o r i t h m  ( e x c e p t  
LPSOLN) writes on LPBASIS. 
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T n l s  p r o g r a m  may o n l y  b e  r u n  i r n r n e d i a t e l y  a f t e r  LPSETUP w i t h  n o  
l o a d e d  b a s i s .  I t  p r o d u c e s  a  ( s o m e w h a t )  a d v a n c e d  b a s i s  and  wri t e s  
i t  LO LPBASIS. L o g l i n e s  a r e  p r o d u c e d  and  t h e  s o l u t i o n  i s  c h e c k e d  
b u t  1 1 0  LP o u t p u t  i s  w r i t t e n .  I t  s h o u l d  b e  f o l l o w e d  by LPSOLVE 
w i t h  tile BASIS a r g u ~ n e n t .  
LPZRASld i s  n o t  h i g h l y  e f f e c t i v e  f o r  s m a l l  m o d e l s .  I t  o f t e n  
t a k e s  a s  u ~ u c h  t ime a s  s t a r t i n g  LPSOLVE f r o m  s c r a t c h .  The  u s e r  
s h o u l d  t r y  i t  and see i f  i t  p r o v i d e s  a n y  b e n e f i t  f o r  h i s  m o d e l s .  
LPXVAHS 
T h i s  p r o g r a m  e x t r a c t s  LP r e s u l t s  a n d  wri t e s  t h e m  t o  a n  un- 
f o r r ~ l a t t e d  f i l e  c a l l e d  LPVAH. T h i s  f i l e  c a n  b e  r e a d  w i t h  a  
FOHTHAI\I p r o g r a m  f o r  d o w n s t r e a m  u s e ,  s u c h  a s  r e p o r t  w r i t i n g .  
LPXVAHS o n l y  o b t a i n s  v a l u e s  a s s o c i a t e d  w i t h  m a i n  LP v a r i -  
a b l e s  ( c o l u m n s ) ,  n o t  l o g i c a l  o r  s l a c k  v a r i a b l e s  ( r o w s ) .  It re- 
q u i r e s  LPTEIYP, t h e  mode l  f i l e  f r o m  w h i c h  i t  was  p r o d u c e d ,  and  a  
v a l i d  LPBASIS ( n o  r e n a m i n g ) .  
The  p r o g r a m  r e q u i r e s  -- two a r g u m e n t s .  The s e c o n d  m u s t  b e  
p r o p e r l y  s p e c i f i e d  o r  no  o u t p u t  w i l l  b e  p r o d u c e d .  The f i r s t  i s  
o p t i ~ ~ ~ d l ;  i f  n o t  d e s i r e d ,  u s e  a  dumrny s u c h  a s  "xu. T h i s  w i l l  
c a u s e  a l l  v a r i a b l e  names  s e l e c t e d  by t h e  s e c o n d  a r g u m e n t  t o  b e  
o u t p u t  a l o n g  w i t h  t h e  p r i r n a l  v a l u e ,  a s  two  8 - b y t e  f i e l d s .  The 
s e c o n d  a r g u o l e n t  is  a  s c a n d a r d  m a s k ,  - e n c l o s e d  i n  q u o t e s .  F o r  ex-  
a ; i lp le ,  ' a o c * * * * * l  s e l e c t s  a l l  v a r i a b l e s  whose  names  s t a r t  w i t h  
' a b c '  . The l e n g t h  o f  t h e  r i~ask  i s  s i g n i f i c a n t ;  t h u s  ' ****10 '  
s e l e c t s  a l l  tlarl~es w i t h  l 1 0 '  i s  p o s i t i o n s  5 and  6 and  w h i c h  a r e  
---  
b l a n k  i n  p o s i t i o n s  7 and  8 .  
The  f i r s t  a r g u m e n t  i s  u s e d  t o  e x t r a c t  m o r e  i n f o r m a t i o n  f o r  
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e a c h  v a r i a b l e  s e l e c t e d  and t o  a r r a n g e  t h e s e  v a l u e s .  Three  a d d i -  
t i o n a l  v a l u e s  a r e  p o s s i b l e ,  d e n o t e d  by L f o r  l ower  l i m i t ,  U f o r  
upper  l i m i t ,  and D f o r  d u a l  v a l u e .  These  c h a r a c t e r s  a r e  w r i t t e n  
t o g e t h e r  w i t h  no s p a c e s  be tween .  Thus t h e  command 
LPXVARS LUD ' * * * * * * * * I  
se lec ts  a l l  v a r i a b l e s  and o u t p u t s  t h e  name, p r i m a l  v a l u e ,  lower  
and upper  l i m i t s  and t h e  d u a l  v a l u e ,  i n  t h a t  o r d e r .  Each f i e l d  
is  8 - b y t e s .  However, t h e  o r d e r  o f  L ,  U and D a r e  s i g n i f i c a n t .  
They may be  permuted i n  any  way and  t h e  f i e l d s  o u t p u t  w i l l  be  
permuted i n  t h e  same way. The f i r s t  two f i e l d s  (name and p r i m a l  
v a l u e )  a r e  f i x e d  and a lways  o u t p u t  f i r s t  i n  t h a t  o r d e r .  Thus 
LPXVARS DU ' * * * * * * * * I  
o u t p u t s  f o u r  8 -by te  f i e l d s  f o r  e a c h  v a r i a b l e  i n  t h e  o r d e r  
name, p r  imal  v a l u e ,  d u a l  v a l u e ,  upper  1 i m i t  
The u n f o r m a t t e d  f i l e  LPVAR i s  c o n t i n u o u s  and must  b e  r e a d  w i t h  
a p p r o p r i a t e  FORTRAN FORMAT s t a t e m e n t s .  The f i l e  e n d s  w i t h  a  dum- 
my v a r i a b l e  whose name is 8  b l a n k s  and a l l  v a l u e s  z e r o .  The 
number o f  v a l u e s  is t h e  same a s  f o r  a l l  o t h e r  v a r i a b l e s ,  a s  p e r  
F.. . - re  -..-"r.mr*e 
L A L  Y C  C....\-..-. 
OTHER POSSIBILITIES 
- -  
S e v e r a l  e x p e r i m e n t a l  p r o c e d u r e s  have  been produced  f a i r l y  
e a s i l y ,  most  o f  them f o r  s p e c i a l  p u r p o s e s .  An e x p e r i m e n t a l  MIP 
a l g o r i t h m  e x i s t s  b u t  i s  n o t  g e n e r a l l y  a v a i l a b l e  s i n c e  its p e r f o r -  
mance is e r r a t i c .  I f  you have s p e c i a l  r e q u i r e m e n t s ,  c o n t a c t  t h e  
a u t h o r ;  i t  may b e  q u i t e  f e a s i b l e  t o  accomodate  them w i t h  a  
minimum of  e f f o r t .  
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CONSIDERATIONS --- FOR -- EXTENDABILITY -- AND - PORTABILITY 
T h e  r e s t r i c t i o n  t o  l a 0  rows and 250 c o l u m n s  is q u i t e  a r b i -  
t r a r y ,  i n t e n d e d  t o  keep  t h e  l a r g e s t  p r o c e d u r e  and a l l  a c t i v e  d a t a  
w i t h i n  t h e  a p p r o x i m a t e l y  56K b y t e s  o f  c o r e  a v a i l a b l e  t o  a  u s e r  
p r o g r a m .  The d i m e n s i o n s  h a v e  i n  f a c t  been  c h a n g e d  f o r  s p e c i a l  
c a s e s  where  t h e  known s p a r s i t y  o f  t h e  model  i n s u r e d  t h a t  a v a i l -  
a b l e  s p a c e  would n o t  b e  e x c e e d e d .  Maximum d i m e n s i o n s  o f  150  by 
200 m i g h t  b e  a l l o w a b l e ,  f o r  e x a m p l e .  The i n d e x i n g  u s e d  is n o t  
i t s e l f  r e s t r i c t i v e  up t o  much l a r g e r  d i m e n s i o n s .  
The maximum model  d i m e n s i o n  i n v o l v e  s e v e r a l  d i f f e r e n t  con-  
s i d e r a t i o n s .  F i r s t ,  t h e y  a r e  b u i l t  i n t o  t h e  ( f i x e d )  d i m e n s i o n s  
o f  c e r t a i n  LOGICAL*l a r r a y s  i n  t h e  COMMON a r e a  named TYPES (ex-  
cept  i n  LPINPUT w h e r e  t h e  a r r a y  i s  n o t  i n  COMMON) . T h e s e  h a v e  t o  
b e  c h a n g e d  i n  a l l  main  p r o g r a m s  and a  f a i r l y  l a r g e  number o f  
s u b r o u t i n e s .  S e c o n d ,  LPINPUT h a s  c h e c k s  f o r  maximum number o f  
r o w s  ( 1 0 0 ) ,  c o l u m n s ( 2 5 0 )  and t o t a l  e l e m e n t s  o f  a l l  k i n d s  ( 3 0 0 0 )  
w h i c h  a r e  c o d e d  n u m e r i c a l l y  a n d  a  l i t t l e  h a r d  t o  f i n d .  (They  
s h o u l d  be  v a r i a b l e s  s e t  a t  t h e  t o p . )  T h i r d ,  e n o u g h  room m u s t  b e  
l e f t  f o r  a  r e a s o n a b l e - s i z e d  i n v e r s e  r e p r e s e n t a t i o n  ( " e t a "  c o l u m n s  
f o r  p r o d u c t  form)  . F o u r t h ,  t o t a l  s p a c e  a v a i l a b l e  i s  c o n t r o l l e d  
by v a r i o u s  v e c t o r s  i n  LPINPUT and  by t h e  a r r a y  KORE d e f i n e d  i n  
a l l  o t h e r  main p r o g r a m s .  The s i z e  o f  KORE is a l s o  b u i l t  i n t o  a  
c o u p l e  o f  s t a t e m e n t s  i n  t h e  main  p r o g r a m s  f o r  d e f i n i n g  t h e  amount  
l e f t  f o r  t h e  i n v e r s e .  W i t h  a  good e d i t o r  a n d  knowing w h e r e  t o  
l o o k ,  a l l  t h e s e  c h a n g e s  c a n  b e  made i n  a b o u t  a n  h o u r  o r  less  b u t  
o n e  c a n  e x p e c t  t o  m i s s  a  c o u p l e  o f  r e q u i r e d  c h a n g e s  o n  t h e  f i r s t  
a t t e m p t  . 
C o r e  a s s i g n m e n t ,  p e r  s e ,  i s  d o n e  p r i m a r i l y  i n  LPSETUP and it 
is  p o s s i b l e  t h a t  a d j u s t m e n t s  h a v e  t o  b e  made t h e r e ,  n o t  o n l y  f o r  
s i z e s  b u t  p o s s i b l y  f o r  d i f f e r e n t  o p t i o n s .  LPSETUP w o r k s  i n  a n  
i n t e r a c t i v e  q u e s t i o n - r e s p o n s e  mode. 
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I n  o r d e r  t o  e x t e n d  t h e  p a c k a g e  f o r  a r b i t r a r i l y  l a r g e  ( w i t h i n  
r e a s o n )  model  d i m e n s i o n s ,  i n t e r m e d i a t e  i n p u t j o u t p u t  b u f f e r i n g  o f  
m a t r i x  and e t a  f i l e s  would  h a v e  t o  b e  i n s t a l l e d .  T h i s  would  b e  a  
l a r g e  u n d e r t a k i n g  and  o n e  s h o u l d  c o n s i d e r  w h e t h e r  t h e  u s e  o f  
s t a n d a r d  l a r g e  MPSs would  n o t  b e  more  p r a c t i c a l .  S u c h  b u f f e r i n g  
c o u l d  b e  d o n e  i n  FORTRAN b u t ,  f o r  e f f i c i e n c y ,  s h o u l d  b e  d o n e  i n  a  
b e t t e r  s y s t e m  programming l a n g u a g e .  F u r t h e r m o r e ,  s u c h  f e a t u r e s  
a s  m u l t i p l e  and p a r t i a l  p r i c i n g  and a  more  p o w e r f u l  i n v e r s i o n  
r o u t i n e  would become d e s i r a b l e .  Thus  o n e  c o u l d  b e  q u i c k l y  l e d  
i n t o  a  l a r g e  s y s t e m  e f f o r t .  
S i n c e  LPS/11 i s  all-FORTRAN, i t  m i g h t  be assumed t h a t  i t  i s  
e a s i l y  p o r t a b l e .  T h i s  i s  n o t  q u i t e  t r u e .  F i r s t ,  t h e  u s e  o f  
LOGICAL*l may n o t  b e  a v a i l a b l e  i n  o t h e r  s y s t e m s .  ( I t  d o e s n ' t  
work c o r r e c t l y  w i t h  some o l d e r  se ts  o f  l i b r a r y  s u b r o u t i n e s  e v e n  
u n d e r  U N I X . )  S e c o n d ,  t h e  PDP d e f a u l t  f o r  i n t e g e r s  i s  two b y t e s  
( w h i c h  i s  s e n s i b l e )  b u t  f o u r  b y t e s  i n  IBM FORTRAN ( c a u s i n g  s u b t l e  
p r o b l e m s  i n  c a l l  s t a t e m e n t s  i f  m i x e d )  and a  f u l l  6 0  b i t s  i n  CDC 
FORTRAN ( w h i c h  is  somewhat  r i d i c u l o u s ) .  A w o r k i n g  c o n v e r s i o n  o f  
L P S / l  3 f o r  a CDC Cyber 7 4  ~ x i s t s  b u t  r o y v ; r a J  - v e n  .- , - a s i v e  m o d i f i c a -  
t i o n  f o r  a  number o f  r e a s o n s  p e c u l i a r  t o  t h a t  s y s t e m .  A f u r t h e r  
c o n s i d e r a t i o n  i s  t h e  d e f i n i t i o n  a n d  a c c e s s i n g  o f  f i l e s  w h i c h  i s  
p a r t i c u l a r l y  c o n v e n i e n t  o n  t h e  PDP. System prGgrammers  w i l l  b e  
f a m i l i a r  w i t h  s u c h  m a t t e r s  b u t  i m p l e m e n t i n g  t h e  ~ z c k a g e  o n  a n o t h -  
e r  s y s t e m  may t a k e  a  good  d e a l  o f  h u n t i n g  a n d  f i x i n g .  
A f i n a l  c o n s i d e r a t i o n  is t h e  c o n t i n u o u s  n a t u r e  o f  u n f o r m a t -  
t e d  f i l e s  w i t h  t h e  l i b r a r y  s u b r o u t i n e s  a s e d .  T h e r e  i s  20 c o n c e p t  
o f  d i o y i c d i  r e c o r d .  READ a n d  WRITE s t a ~ e m e n t s  m u s t  s p e c i f y  e x -  
a c t l y  how many b y t e s  a r e  t o  b e  t r a n s m i t t e d .  Some r a t h e r  i n t r i -  
c a t e  s e q u e n c e s  e x i s t  f o r  w r i t i n g  a n d  r e a d i n g  i n t e r m e d i a t e  f i l e s  
w h i c h  m u s t  m a t c h  a c r o s s  p r o g r a m s .  
